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PREFACE 

In early times Jerusalem only occupied a small area and was built 
mainly on limestone, which was the main source of building stone. In the past 
water supply was from springs and cisterns, and via an aqueduct system that 
included channels, bridges, tunnels and pools. Major infrastructure work 
included impressive buildings such as the Temple. 
 The expansion of modern Jerusalem westwards is also mainly over 
limestone and dolomite rocks. Some suburbs, however, have been built over 
softer rocks of chalk, marl and clay. The rapid development of the city in recent 
years, which includes tall buildings, highways, tunnels, bridges, a light railway 
system, water supply to all parts of the city, sewage treatment and purification 
as well as remedial works on pollution, have set new challenges for the 
engineers.
 Nowadays, a greater understanding of the geology and the geotechnical 
characteristics of the rocks concerned is essential in planning and construction 
of all engineering infrastructure programs  because of the variety of rock types 
that occur around Jerusalem. This also applies to archeological investigation of 
sites that is often required before construction begins. 
 The physical and mechanical parameters of the geotechnical rock units 
are described as well as the case histories of the construction of the Gilo tunnels 
and viaduct and the Mount Scopus tunnel, which were completed several years 
ago. Additional geotechnical data kept in the Geotechnical Laboratory of the 
Geological Survey of Israel have been added. 

The book also deals with geological hazards such as slope stability, 
karst phenomena, sinkholes, seismic hazards and quarries that may be 
encountered during the planning and design of new projects. Particular attention 
is given to the water supply to Jerusalem, the hydrogeology, the aquifers, the 
local groundwater divide and the risk of contamination of the aquifer underlying 
the city. 
 Appendices include a table of the history of Jerusalem as a tale of 
destruction and construction and measured geotechnical parameters of the main 
geological formations in graphs and lists. 
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INTRODUCTION

 Man has always exploited his environment, for better or worse. By 

instinct and observation, he has both improved and destroyed his surroundings 

in peacetime and in war. 

 In both cases a basic knowledge, conscious or unconscious, of the 

geology and the surrounding environment has been a major factor affecting the 

outcome. Impressive engineering works, constructed on the surface and in the 

underground around Jerusalem in Biblical times and through the ages, must 

have involved considerable geologic knowledge. The construction of the First 

and Second temples, the Shiloah Gallery excavations of the 8th century BCE, 

the 2
nd

 century BCE aqueduct system that supplied water to Jerusalem, the later 

catacombs of the Sanhedrin and the Herodian freshwater galleries and 

underground halls are only a few examples. Present-day highways, tunnels and 

viaducts are a modest contribution to reestablishing such engineering feats after 

several thousand years of relatively little development. 

The use of the subsurface in Israel in recent times opened a new phase 

in the exploitation of ground resources for infrastructure development. The 

shortage of surface area, mainly in densely populated areas, has encouraged 

planners and designers of major engineering projects to consider going 

underground. The difficult topography in areas such as Jerusalem and Haifa, the 

increase in traffic volume on roads, storage and defense problems, as well as the 

increasing awareness of the impact on the environment, have given a further 

impetus to this trend. In many cases this has a significant economic impact. 

Compensation for appropriation of lands, destruction and relocating existing 

buildings can be significantly reduced by going underground. In many cases the 

cost of going underground may be offset by the cost of compensation and may 

provide better access with minimal damage to the environment.  

The old and new cities of Jerusalem are situated mainly on Cretaceous 

hard limestone and dolomite and in places marl and chalk. The new city spread 

out over Senonian chalk and flint. These rocks occur in a topography of ridges 

and valleys, carved out in accordance with the geological structure of the 

region. The ridge tops are rounded and natural and artificial terraces in most 

areas form the slopes leading down into the valleys.  

 The Old City of Jerusalem was founded on a fairly flat ridge surrounded 

by deep valleys in the west, east and south, providing natural protection to the 

city. There is no natural morphological boundary on the northern extension of 

this ridge.
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 Modern Jerusalem spreads out over this and the adjacent ridges. The 

tops and slopes of these ridges form the builtup areas and the valleys between 

them generally form the green belts. Figure 1 shows a topographic map of 

Jerusalem and the vicinity on a scale of 1: 100,000 and Figure 2 shows the 

municipality boundaries in 1999, which approximate those of today. 

 Three fundamental factors favored the establishment and development 

of a city in this area: water, soil and religion. These factors have retained their 

importance throughout history and up to the present day. Water as an essential 

natural resource plays a major role in the political, environmental and social 

development of the region. Surface water in the Jerusalem area is restricted to 

springs emanating from limestone and dolomite aquifers at locations where they 

daylight in the topography above marl and clay units, forming a spring line.  

 Soil-covered terraces associated with these springs were the basis for 

early agricultural development. Old and modern olive groves as well as 

orchards typically cover the slopes near these outflows surrounding Jerusalem.  

 The ancient aqueduct systems that can be traced over the present-day 

topography channeled water from major springs south of Jerusalem to the old 

city of Jerusalem up to the end of the Ottoman's rule (1917). Today, however, 

these springs supply only a minor amount of the water required. The main 

supply is piped from the coastal plain. Some additional water was pumped from 

wells tapping the aquifers in Jerusalem and its vicinity; however, these have 

been abandoned lately due to pollution. 

 Other geomorphic and economic factors have contributed to the 

development of the area. These concern access and availability of raw materials 

for building purposes. Stone, cut or shaped, and aggregate was and is the major 

source of building material. Since other materials such as wood were not locally 

available, they had to be imported from great distances. The cedar wood used in 

the First and Second temples as well as in other later important buildings and 

structures, some of which still stand today, was imported from Lebanon. 
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The various rock types in the area were exploited for different  

purposes.The variety of lithologic types used in building are:  

1. White, coarse crystalline limestone originally referred to as 

"Meleke", the stone of Kings.

2. Cream-colored micritic limestone known locally as "Mizzi 

Hilu" (sweet rock). 

3. Red-colored limestone known as "Mizzi Ahmar" (red rock). 

4. Gray crystalline dolomite known as “Mizzi Yehudi” (Jewish 

rock – modern times). 

             5.  Flagstone of thin-layered limestone.  

These rock types were quarried from the Judean limestone and dolomite 

in and around the Old City of Jerusalem. 

This variety of stone gives Jerusalem its unique character. The setting 

sun reflected on the cream-colored limestone facade of both ancient and modern 

structures gives them a golden hue, giving rise to the term "Jerusalem of Gold".  

Evidence of the high level of craftsmanship and organized labor in 

quarrying and exploiting the rocks in ancient times is seen in the Zidqiyahu 

Cave, known as Solomon’s Quarries, located near the Damascus Gate, as well 

as at other numerous sites in the area (Avnimelech, 1966). 

The concern to preserve historical and archeological sites has greatly 

impacted on modern- day infrastructure development. This is expressed in 

design and construction concepts that are governed by aesthetic and socio-

economic concerns, not generally considered in many civil engineering projects. 

 Natural and man-made hazards have not bypassed this area. Although 

these are not obvious they can be of significant civil engineering and 

environmental concern. Natural phenomena such as earthquakes, landslides, 

karst, caves, as well as pollution of water and air, are inherent factors which 

nowadays must be taken into account in short and long range projects. 

With the development of modern Jerusalem there has been a renewed 

interest in the environment and quality of life as affected by major civil 

engineering projects such as highways, tunnels and high-rise buildings (Arkin 

and Flexer, 1986). The rapid development of infrastructure and building is 

evidence of a vibrant modern city committed to respecting and preserving its 

ancient and historical past. In Israel in general and in Jerusalem in particular, 

ground conditions are significantly different from place to place. The rocks are 

mainly sedimentary and water is not an obvious part of the environment. This 

factor made it necessary to adapt the accepted geotechnical methods to these 

conditions. The success of a civil engineering project therefore relies on the 

availibilty and quality of data on the relevant ground conditions. The accurate 

geological evaluation of the paramaters describing the rock mass is an essential 
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part of planning, design, and construction and is a necessary part of pre- 

feasibility and feasibility studies. Landmark events in the history of Jerusalem 

present a tale of construction, destruction and reconstruction, which had major 

environmental impact that is felt to this day. These events are highlighted in 

Appendix 1. 
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 Figure 3. Moderate Resolution Imaging Spectroradiometer (Modis) image  
                showing regional setting, acquired February 29, 2000.   
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Figure 4. Judea Mountains south of Jerusalem. Exposed formations range from the 
                Soreq Formation in the valley to the Kefar Sha’ul  Formation.

5. Judea Desert east of Jerusalem.  Figure

Mainly Mishash and 

Gareb fms.

Soreq Fm.

Kesalon Fm.

Bet Me'ir Fm.
Moza Fm.

Aminadav Fm.

Kefar Sha'ul Fm.
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GEOGRAPHIC SETTING

Jerusalem is located geographically at 31o 78’ N and 35o 21’E within 

the region known as the Eastern Mediterranean (Figure 3).  

The city is located in the Judea Mountains at elevations of 700-820 m 

above mean Mediterranean Sea level within a west-east climatic gradient that 

ranges from a long dry, hot summer to a short wet and cold winter. The mean 

annual rainfall is over 500 mm, generally occurring from October to April, 

compared to 600 mm in the coastal plain (Netanya)     decreasing eastwards to a 

mean annual rainfall of less than 110 mm at the Dead Sea. The annual average 

temperature ranges from 8o-28oC across this gradient (Maheras, et al., 1995) 

with a maximum temperature that may reach up to 34oC and more in the 

summer and below zero in the winter. During some winters 1-3 days of snow 

may fall.  

Jerusalem extends over the regional surface water divide in the Judea 

Mountains (Figures 63 and 64). This divide clearly separates the region into two 

distinct climatic zones. The western side of the divide is Mediterranean with the 

typical variety of soil and plant cover. Figure 4 shows the main geological 

formations on the western side of the divide. The eastern side, which is in a 

rain-shadow environment of restricted soil and plant cover, forms the Judea 

Desert (Figure 5). 

 The Old City of Jerusalem extends along an NE-SW oriented ridge 

limited to the east, west, and south by consequent drainage valleys of the Soreq, 

Refa’im and Qidron valleys. Modern Jerusalem has spread to the adjacent 

ridges in both north, south and west directions. 

GEOLOGICAL SETTING 

In geological times the rocks in the Jerusalem area were deposited 

during the transgression of the Cretaceous Tetheys Sea that encroached from the 

NW over most of the Middle East region. This sea spread out over a broad 

continental shelf of the Arabian-Nubian shield and was generally warm and 

shallow. The fauna that existed in the sea and now found as fossils within the 

various formations include abundant shells of microorganisms, lamellibranches, 

echinoderms, rudistids and gastropods. Reef structures were formed in the 

shallow areas (Arkin and Hamaoui, 1967). Dinosaurs that roamed the shallow 

mud flats left their foot prints (Avnimelech, 1962). 

 Continued transgression of the sea over this uniform shelf led to the 

deposition of a thick carbonate sequence reaching almost one kilometer in the 

Jerusalem area. This shelf later gradually became modified by tectonic 
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movements that led to the development of the anticlinal and synclinal structures. 

Today the anticlinal stuctures form the mountainous backbone of the country. 

 Jerusalem is situated north of the structural saddle between the NE-SW 

orientated Judea and Hebron anticlines (Figure 6) These asymmetric structures 

have a steep western flank dipping down to the foothills of the coastal plain and 

a shallow eastern flank that dips gradually down to the Dead Sea Rift valley 

(Figure 7). 

 Following the development of these structures and uplift, a variety of 

softer carbonate rocks (chalk and marl) of Senonian age and with inherent 

crystallinity and fossil content were deposited in the synclines and overlapping 

the flanks of the anticlines. These rocks also contain abundant microfossils, 

ammonites and fish remains (skeletons, teeth and scales). Younger sediments of 

Neogene and Quaternary age were generally deposited on the flanks of the 

anticlines and in the synclines.  

 The rock sequence is subdivided into three groups. The Lower 

Cretaceous Kurnub Group of mainly clastic rocks occurs in the subsurface core 

of the Judea and Hebron anticlines, only exposed in the deepest wadis (Arkin, 

1976). This sequence is made up of mainly sandstone with some carbonate 

layers. The overlying Upper Cretaceous Judea Group carbonates form the 

anticlines. This group in turn is overlain by the Upper Cretaceous to Tertiary 

Mount Scopus Group of chalk and massive chert that generally form the flanks 

of the anticlines. 

Structural
saddle

JERUSALEM

Anticlinal Axis

Shallow dipping
 eastern flank

Steeply dipping
western flank

Anticlinal Axis

Figure 6. Schematic diagram of the location of Jerusalem in relation 
                to the geological structure.



1
2 Figure 7. Schematic East-West composite geological cross section through central Israel.
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The Judea and Mount Scopus groups are the main rocks exposed in the 

Jerusalem area. These comprise limestone, dolomite, marl, chalk and flint which 

are subdivided into lithostratigraphic units that are correlatable with units in 

other parts of the country. 

The Judea Group (Arkin & Hamaoui, 1967) of Cenomanian to Turonian 

age reaches a total thickness of over 900 m in the Jerusalem area (Figures 8 and 

9).

Q
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Moza  Fm.

Weradim Fm.
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Bina Fm.

Mishash Fm.
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Symbol Lithology
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Geotechnical UnitFormation

Nahshon Fm.

Unit IV

Unit VI

Unit III-V

Unit I

Unit III

Unit II
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Unit V

Age

Alluvium Flint Limestone Dolomite Marl Chalk Quartzolite

Stratigraphic legend of the geology in the vicinity of Jerusalem.Figure 8.
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The group is subdivided into a lower sequence of terraced, well-bedded 

dolomite with minor limestone and marl and an upper more massive sequence 

of limestone, dolomite with some chalk and marl. The Moza Formation of marl, 

clay and some limestone separates these sequences and represents a key horizon 

with regard to understanding the structure and hydrogeology of the area (Itzhaki 

and Arkin, 1964). The Amminadav Formation which overlies the Moza 

Formation is made up of massive dolomite, porous in many places with large 

voids, especially along major fractures. These features make it an important 

Figure 9. Geological map of Jerusalem and vicinity.
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aquifer in the subsurface. The overlying Kefar Sha’ul Formation consists of 

well-bedded limestone, chalk and some marl. This well-bedded limestone is the 

main source of natural flagstone used for paving and facing stone. The Weradim 

Formation of hard, gray dolomite overlies the Kefar Sha’ul Formation. In the 

past this dolomite was quarried as a strong but dull building stone. Today it is 

crushed as aggregate and used in the building industry. The Weradim Formation 

is characterized by karst phenomena in the form of caves with stalagtites, calcite 

curtains and crystal clear pools such as in the Soreq caves. The top of this 

sequence is made up of well-bedded micritic, pale yellow limestone and thickly 

bedded white, coarsely crystalline limestone of the Bina Formation. These rock 

types have been and are being quarried today for use as polished stone and 

facing stone and are the basic building blocks of Jerusalem. 

 The overlying Mount Scopus Group of Upper Cretaceous to Paleocene 

in age ranges considerably in thickness, thinning out on the anticlinal flanks and 

in some cases, wedging out completely (Arkin, 1976). The main formation of 

this group around Jerusalem is the Menuha Formation consisting of white chalk 

mixed with clay in some areas. The chalk in some places is irregularly stained 

pink to pale red, giving it a particular pleasing appearance. It is often use as a 

facing stone. In the Hartuv area southwest of Jerusalem, these rocks are a source 

of raw material for the cement industry. The Mishash Formation of massive 

brown chert and flint overlies this chalk and around Jerusalem it is mainly 

found on the easrtern side of the city (Arkin, 1976). 

 Climatic conditions and consequent weathering and erosion have 

imposed a distinct morphology and topography on the lithology of the various 

exposed rock types. The softer rocks generally form the rounded higher 

elevations, with broad man-made terraces. The harder rocks form the natural 

step-like terraces on the slopes and floors of the valleys. A gray to white caliche 

crust, referred to as ‘Nari’, developed over the softer rock. Typical 

Mediterranean red-brown Terra Rosa and brown to gray Rendzina soils formed 

on the limestones and chalks, respectively. The valleys between are filled with 

conglomerates and alluvium of varying thickness 

  Natural marl terraces that have been intensely cultivated for several 

thousand years characterize the break between these two distinct morphologies. 

Many springs flow out over this marl and this water was used in the past to 

irrigate the many vineyards, olive groves and orchards planted on these terraces. 

Today most springs are in protected picnic areas within national parks. 

 Several of the rock types within the above groups have, as in the past, 

an important economic significance affecting the development of Jerusalem. 

Quarrying these rocks provides aggregates and crushed rock as well as polished 

and sculptured slabs.
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GEOTECHNICAL SUBDIVISIONS

 Fresh rock generally appears only in road cuts and excavations. Thus to 

define the geotechnical characteristics of the rock types at the beginning of an 

infrastractural project, it is often necessary to remove the superficial cover and 

carry out core drillings to test the rocks.  

The definition of the geotechnical characteristics and the physical and 

chemical properties of the rock types are based on the interaction between air, 

water and rock affecting the fabric of the rock. Three parameters are invovled, 

lithology, fracture and water (Figure 10). 

ROCKMASS            CLASSIFICATION

Interaction of three essential parameters

LITHOLOGY FRACTURE WATER

Surface flow
Ground flow
Infiltration
DischargeOrigin

Rock type
Structure
Hardness

Alignment
Orientation
Spacing

Discontinuity

Figure 10. Factors affecting the geotechnical properties of the rock mass.

Rock Cracks, Joints, Faults Fresh, Salty, Polluted

It is essential in design and construction of major civil engineering 

projects to determine the extent of properties such as strength and plasticity as 

well as the presence of discontinuities (faults, fractures and karst). These are no 

less relevant factors in environmental problems, particularly where remedial 

action is neccessary. 

The classification of the rock mass enables the numerical expression of 

the quality of the rock mass for engineering purposes. Planning of tunnels or 

other subsurface structures and foundation conditions are based on the 

geotechnical definition of the rock mass determined by the physical, chemical 

and mechanical properties of the rocks concerned. This enables the 
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determination of the size of the opening, the method of excavation, and the 

stability of the rock mass. All these parameters have an important impact on the 

economic cost of the supports necessary for the construction of a safe structure, 

both on the surface or underground, in the short and long term. The common 

methods for determining the quality of the rock mass were developed in North 

America and northern Europe where hard rocks (igneous and metamorphic) are 

dominant and groundwater are an integral part of the rock mass. In Jerusalem 

and Israel in general water is not a major constituent of the ground at or in the 

near surface. Thus it has been necessary to adapt these methods to the particular 

features of sedimentary rocks that build most of the country.  

The main features apart from water that influence the quality of 

sedimentary rocks are discontinuities that include faults, fractures, bedding 

plains, facies changes, and geological structures. Changes in the volume of clay 

and sand, within the rock fabric and irregularity of  grain size are also important 

characteristics. Discontinuities are classified according to direction, form, 

frequency, density, and degree of opening.  

Fractures fall into two groups. Firstly, systematic fractures that are part 

of the regional stress regime and are characterized by continuity, and secondly, 

non-systematic fractures that are discontinuous and are part of the local stress 

relief system. These latter fractures usually disappear at depth.  

The various geological formations in the Jerusalem area have been 

grouped together into six suggested geotechnical units of similar geotechnical 

properties as shown in Figures 8 and 11. Additional parameters from ongoing 

projects such as the Light Railway and the Jerusalem–Tel Aviv Rapid Railway 

may change the boundaries of these units.  

Following is a description of each unit: 

Unit I.  Hard limestone and dolomite.

Unit I includes the Bina Formation (Kub), Weradim Formation (Kuw) 

and  Amminadav Formation (Kua). These geological formations are generally 

comprised of hard massive to well-bedded limestone and dolomite. The ratio of 

Ca/Mg gives rise to a range in geotechnical properties (Table 1 ). Core recovery 

is very good, often up to 100%. Rock Quality Designation ( RQD: Deere at. Al. 

(1974) which is based on the amount of core recovered, is 70-100%, depending 

on the presence of fractures, bedding and karst phenomena.  
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The Rock Mass Rating (RMR: Bieniawski 1980) is generally of good 

quality, 72-84, and the internal friction angle (Ø) is high, 40o-45o.  RQD, RMR 

and Q (Barton, et al., 1974) are classification methods of determining rock 

quality for tunneling purposes. Karstic features are quite common in the form of 

solution holes and caves often infilled with red-brown Terra Rosa soil and rock 

fragments. In these areas the surrounding rock is often weathered to various 

degrees, considerably lowering the rockmass quality. For other properties see 

Table 1 and the Appendix. 

Table 1. Geotechnical parameters of the Amminadav, Kefar Sha’ul and  

              Weradim formations. General values from the vicinity of Jerusalem 
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Unit II.  Dolomitic limestone with interbeds of marl and quartzolite. 

Unit II is made up of the Bet Me’ir Formation (Kubm), Kesalon 

Formation (Kuke), part of the Soreq Formation (Kus), and the Givat Ye’arim 

Formation (Kugy). These formations are often evenly well-bedded with thin 

marl layers between beds. They generally form characteristic step-like terraces 

on valley slopes. Low walls of in situ stone have been built on the edge of the 

terraces to retain the soil developed on them. The fresh rock is generally of 

satisfactory  to good quality Q with a value of 14-16 and an RMR of 60-80. 

Weathered and fractured rock is considerabley poorer with Q values as low as 

0.25- 0.09 and RMR of 26-49. Other properties may be found in the Appendix. 

Unit III.  Limy dolomite, dolomitic limestone and partly weathered chalk. 

The Kefar Sha’ul (Kuks) and the lower part of the Menuha Formation 

(Kum) make up Unit III. The rockmass consists of partly weathered rock with 

the degree of weathering conforming to the variations in the Ca/Mg content of 

the rock. The Kefar Sha’ul rock (Table 1) may be well and thinly bedded. The 

Menuha chalk (Tables 2 and 3) may contain varying amounts of clay. The 

quality of the rockmass ranges considrerably from fair to good. The RMR 

values range from 48-55 and the Q values from 0.28-7.50. The Rock Quality 

Designation ranges greatly from 17-84%.  

 This unit includes three types of rockmass, ranging in geotechnical 

properties. The distribution of these is variable and interchange within a few 

meters. These are:- 

a) White to gray massive chalk, which may reach the hardness of 

limestone in places. Fossil relics and solution features with calcite 

infillings are present. Core recovery is good and the RQD ranges from 

30-60% and is directly related to the density of fractures. 

b) White to gray and pink, massive clayey chalk with fractures infilled 

with clay and calcite. Core recovery and RQD range greatly. Swelling 

pressure ranges from 0.33 to 0.57 kg/cm2.

c) Light yellow to brown massive marl and clay often with limonite and 

manganese staining. Core recovery and RQD range greatly and swelling 

pressure may reach 2.51 kg/cm2. Uniaxial free swell may exceed 3%. 

 The diversity of these rockmass types creates potential weakness areas 

of variable quality. They are sensitive to water with the clay fraction forming 

mud and the marl becoming fissile. The swelling pressure of clay ranges from 

0.33-0.57 kg/cm2 and can reach up to 2.51 kg/cm2. The Unconfined 

Compressive Strength of dry chalk can average 88.5 kg/cm2 and the Modulis of 

Elasticity 57x103 kg/cm2. Marly chalk is considerably lower, at 13.6 kg/cm2 and 

the modulus of elasticity is 6.8x103 kg/cm2, however under dry conditions the 
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rockmass is cohesive and stable. Chalk with an average unconfined compressive 

strength tested for instantaneous cutting rate with roadheaders in tunnelling 

gave the following results: 65-90 m3/hr for an MK2B medium duty roadheader 

and 100-125 m3/hr for an MK3 heavy duty roadheader. 

Unit IV.  Chert, flint and silicified chalk concretions.  

Unit IV includes the Mishash Formation (Kumi) of massive brown 

chert and flint with silicified chalk and some phoshorite beds. This unit also 

includes the silicified chalk and brown flint that occurs in the upper part of the 

Menuha Formation (Kum). The chert and flint are essentially made up of quartz 

with a hardness similar to glass, and occur as discontinuous bands or individual 

concretions causing difficulties in drilling and excavation. 

Unit V.  Marl and chalk

Marl and chalk make up the main rock mass of the Moza Formation 

(Kumo) and parts of the Menuha Formation (Kum). The upper part of the Bet 

Me’ir Formation (Kubm) which underlies it, is similar to the Moza Formation, 

in areas around Jerusalem. Clay lenses and individual limestone beds occur in 

places. This rock mass is sensitive to water and disintergates quickly. Circular 

slides and mudflow can occur. Geotechnical properties of the indivdual rock 

types are given in the various tables. The main feature of this unit is the 

disturbed Transition Zone at the contact between the overlying Amminadav 

Formation on the Moza Formation. The massive dolomite of the Amminadav 

Formation has sunk into the softer marl of the Moza Formation causing, isolated 

blocks to be embbeded in the marl (see Hazards). 

Unit VI.  Unconsolidated material and superficial cover. 

Unit VI is made up of clay, carbonate sand, gravel and rock fragments. 

The clay is generally montmorillonite, typical of Terra Rosa soil, resulting from 

in situ disintergration of limestone. Other clay minerals such as kaolinlite and 

illite are found in the Rendzina soil developed on chalk. Properties of the main 

components of this rock mass are found in Table 4 and in accompanying tables. 

The rock mass is found on terraces and filling valleys. In places such as around 

the Old City of Jerusalem this unit is made up of rubble of archaeological 

origin. The unit forms a superficial cover in most places that is generally 

removed in infrastructure projects. However in specific areas it can be unstable, 

becoming a hazard (see sinkholes). Table 4 shows the geotechnical properties of 

soil and alluvium. 
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Table 2. Representative geotechnical properties of rocks in the Menuha Formation. 

              (Arkin & Michaeli, 1988a,1989b,1992) Arkin et al, (1989).  

Table 3. Representative geotechnical properties of clayey chalk samples 

             (Arkin &   Michaeli, 1988a,1989b,1992) Arkin et al, (1989). 

                                                                  Sample AG/2       Sample AG/12 

Specific Gravity    Gs 2.63 2.59

Plastic Limit              PL 18 - 

Liquid Limit              LL 30 -

Shrinkage Limit        SL 22

Plasticity Index         PI 11

Free Swell                 FS 47 112

Carbonate Content       % 89 68

Cohesion               c  Kg/cm2 0.22 0.35 

Friction angle              o 32 25 

Table 4. Representative geotechnical properties of soil and alluvium samples.

             (Arkin & Michaeli, 1988a,1989b,1992) Arkin et al, (1989).  

                              

Specific Gravity    Gs 2.56 2.60 2.56 

Plastic Limit              PL 24 19 39 

Liquid Limit              LL 40 31 65

Shrinkage Limit        SL 25 20 13

Plasticity Index         PI 16 12 26

Free Swell                 FSW 73 58 95

Carbonate Content       % 69 74 13

Cohesion               c  Kg/cm2 - - - 

Friction angle              o - - - 

PROPERTIES CLAY CHALK MARLY CHALK 

Specific Gravity (Gs) 2,59-2,68 2.62-2.65 2.63-2.65 

Dry Density ( d) Kg/cm3  1802-1945 1566-1795 

Plasicity Index (PI) % 13.6-31  

Plastic Limit (PL) % 17.6-24.6  

Liquid Limit (LI) % 31-56  

Uniaxial Compressive 

Strength (Sc) MPa 

 15-21 8.1-12.3 

Tensional Strength (St) MPa  2.71-5.2 1.97-2.48 

Sonic Velocity (V) m/s  2659-3314 2243-2828 

Sample AG/4      Sample AG/7     Sample AG/19  
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GEOTECHNICAL AND ENVIRONMENTAL CONCERNS 

Hazards 

A geological hazard may be defined as a phenomenon in which 

the natural physical conditions present a risk that may result in damage, 
injury or loss of life. The end effect may be reached either through 
natural processes or those initiated or intensified by man. Water is

considered to be the major contributing agent to instability, and its 
uncontrolled addition or removal from the natural environment results in 
the disturbance of the steady-state conditions. The equilibrium existing 

between the natural physical and chemical parameters such as strength, 
porosity, compaction and carbonate solubility occurring in the geological 
environment is upset.  

Generally speaking, hazards may be subdivided into two broad groups. 

The first group includes those having their expression at the surface such as land 

slides and floods, and a second group which occurs mainly in the subsurface 

and is expressed by sinkholes, compaction or subsidence. These various 

phenomena are presented here in figures and photographs accompanied with 

explanations, using the accepted nomenclature in the geological  and 

geotechnical literature. 

The recognition, inventory and research into the geological conditions 

and earth processes concerned with these hazards is therefore an essential factor 

in the prevention, reduction of effectiveness, and remedial action required to 

overcome the particular hazard (Table 5). 

The purpose here is to describe the type of hazard that has been 

recognized to date in the geological environment around Jerusalem and to point 

out the directions for future research into these phenomena. Appropriate 

remedial action can then be taken, to prevent or reduce the effect of the hazard 

after a detailed study and evaluation is carried out. 

In many cases the trace of a fracture or fault on the surface is masked by 

weathering features such as nari (caliche) soil or vegetation. The trace of these 

features may often only be recognized as a topographic offset, step or terrace, or 

just a faint discontinuity in the topography. However in the subsurface and with 

depth faults and joints tend to be more obvious, particularly in sedimentary 

rocks and more commmonly in carbonate rocks. The competency of the rocks 

plays an important role where fractures are seen to be open within the harder 

layers and closed within the softer ones (Figure 12). 
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Table 5. Earth processes causing instability relevant to areas around Jerusalem. 

Subject    Initiator  Geometric    Ground         Main process           Result 

                                                 Changes conditions

Roads               Construction      Height       Soft rock       Changes in stress    Increased shear stress 
Highways         Excavation        Slope         Soil                Fracture opening    causing, faulting, 
Bridges             Erosion                                                      Piping                     sliding.Increased pore  
Viaducts                                                                                                             pressure causing flow, 
Railways                                                                                                            slides and tensional  

                                                                                                                           opening.Disintergation 

Ground            Vibration           Deformation     Un-          Redistribution        Reduced cohesion,  
Movement       Acceleration      Folding       consolidated  of blocks and         Increased shear stress 
Earthquakes                               Faulting       Saturated       particles                causing faulting and  
Blasting.                                                                                                             slides. Increased 
                                                                                                                            pore pressure, causing 
                                                                                                                            flow, slides, tensional  

                                                                                                                            opening 

Cliffs                                        Height          Soft, weak        Stress relief          Increased pore  
Slopes             Erosion             Slope            rock, marl,       opening of            pressure. Reduced 
Valleys                                     Rockmass    clay and sand   discontinuities      cohesion causing 
                                                                                                                            deformation, flow, 

                                                                                                                            and slides

Dams               Rain                 Height           Consolidated   Unloading,           Reduced pore  
Rivers              Snow               Slope             soft rock,         solution                pressure,stress and  
Embankments Drought           Volume                                  swelling,              cohesion causing flow, 
Aquifers                                                                                 opening of           creep and sliding.

Floods                                                                                    discontinuities.  

Solution plays an important part in dissolving the carbonate and 

widening the fractures, causing an irregular configuration. The solution process 

begins only after several meters below the surface and this appears to involve 

the temperature of the solution agent and its degree of solubility. Differential 

opening of fractures in alternating competent and incompetent limestone units 

of differing hardness can be seen in a quarry face in the Bina Formation (Figure 

12).

In a topography such as that of the Judea Mountains the valleys are 

generally steep- sided and the valley floors filled with alluvium of varying 

thickness. The valley sides often reflect the nature of the underlying bedrock. 

For example, the well-bedded dolomite and limestone of the Bet Me’ir and 

Soreq formations form fairly evenly spaced steplike terraces with a thin soil 

cover, whereas the softer marl rocks of the Moza Formation form broader 

terraces of good soil with moisture from seepages and springs (Figures 4,63). 
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The valley sides in places are prone to ground movement. The principle 

modes of rock mass failure in the sedimentary rocks around Jerusalem are 

shown in Figures 13 and 14. Figure 15 shows the morphology of a natural and 

cut cliff face and the terminology used to describe it. The resulting phenomena 

are seen as superficial creep of the soil cover (Figures 16 and 17), tumbling 

blocks in road cuts and quarries (Figures 18 and 19), dip slope failures (Figure 

20), circular slides of considerable volume in the softer rocks and mudflow in 

marls where water is concentrated (Figures 21 and 22). Often these phenomena 

occur catastrophically induced by heavy rains, earthquakes or both. The 

relationship of these phenomena to earthquakes in the Jerusalem area are dealt 

with by Salamon, et al. (2003) and Katz, (2004). 

Figure12. Differential opening of fractures in layered rocks   

                 due to changes in brittleness of rock type seen in   

                 the Bina and Soreq formations.



2
6

H

a

b
c

after Ritchie (1963)

Slope a - Fall   1/4:1

Slope b - Bounce  1/2:1

Slope c - Roll  1:1

Trajectory of falling blocks on variable slopes.

Fall Topple

Circular slides Mudflows

Block slip on
joint planes

Bedding plane slip

Planar blocks

Approximate rates of movement

0.3 m/5 years

1.5 m/year
1.5 m/month

1.5 m/day

0.3 m/minute

3 m/second
Catastrophic

Very rapid

Rapid

Slow

Very Slow

Very rapid

Slow

Moderate

Moderate Slow
Modified after Varnes (1978).

Very rapid Catastrophic

 Figure 13. Principal modes of rock mass and soil failure occurring in the 

                  Jerusalem area. 

 Figure 14. Modes of rock fall occurring in the Jerusalem area. 
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 Figure 16. Soil creep downslope in the Judea Mountains. Note trees tilted and  

                   bent downslope. 

 Figure 17. Soil creep downslope in the Judea Mountains. Note telephone pole and 

                   trees tilted downslope. 
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 Figure 18. Rock fall in roadcut in the Soreq Formation, Jerusalem – Tel Aviv 

                   highway near Abu Ghosh.

 Figure 19. Rock fall in roadcut in the Moza Formation, Jerusalem – Tel Aviv highway.   
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 Figure 20. Dip slope failures in road cut. 

 Figure 21. Circular slide and scar in the Moza marl exposure , 

                   Tel Aviv – Jerusalem highway. 

 Figure 22.  Mudflow in the Moza Formation marl in a roadcut after rains.  

Scar

Scar

Mudflow 
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Sinkholes

Sinkholes can occur in valleys, particularly over karstic limestones. For 

example, in the winter of 1980 a series of sinkholes developed in both natural and 

artificial environments in various parts of Israel. Some were especially large, 

reaching several meters in diameter and reaching depths of several meters.  

 A sinkhole that developed near the Damascus Gate of the Old City of 

Jerusalem (Figure 23) serves as a good example (Arkin, 1984). It occurred in the 

area northwest of the gate, which was the construction site of a new junction on 

Road No.1 (Figure 24). The area was flat and had been reshaped several times during 

the past centuries as buildings were destroyed and the area filled-in with rubble and 

building waste. This artificially changed the topography and left “underground” 

openings that altered the natural drainage regime of the area. As a consequence of 

unusually high and concentrated rainfall, several sinkholes of various sizes appeared 

in the ground. The largest sinkhole was 8 m in diameter and 6 m deep. 

 A detailed geotechnical survey of the area (Figure 24) in the vicinity of the 

Damascus Gate was carried out to determine the type and depth of the fill material, 

the presence of karstic openings in the limestone bedrock and man-made openings 

such as buried cellars, water wells and aqueducts (Figure 25). Each one of these 

openings was considered to be a reasonable initiator of a sinkhole. Old maps of the 

area such as the Ordinance Survey of Jerusalem by Captain Charles W. Wilson 

(1864) and the Karte Der Materiallien Zur Topographie Des Jerusalem, Deutschen 

Veren Zur Eroforschang Palestinas (1904) as well as modern maps and aerial 

photographs were examined in detail to reveal the locations of hidden openings. A 

comparison of the above maps enabled the planning and execution of a geophysical 

refraction survey. The survey lines were chosen to provide maximum data on the 

thickness of the valley fill, depth to rockhead, and verification of buried water 

courses and openings. Auger and core drillings were then based on these results.  
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 Figure 23.  Damascus Gate sinkhole in artificial fill- material.    

 Figure 24.  Geotechnical survey map of the sinkhole area near the Damascus Gate.    
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The fill material consisted of water-sensitive clay, building waste of blocks 

up to 30-50 cm across mixed with fine and powdery material. A well-developed 

bedding and grading of the different size materials exists and the beds range in 

thickness up to 1.50 m. The coarse material forms well-defined beds of extremely 

high permeability and act as water conduits. This configuration was formed by the 

manner in which the material was thrown down (Figure 23). 

Bedrock in the center of the area and along an ancient water course is 

covered by a gravel layer up to 1.50 m thick. The gravel consists of well rounded 

pebbles 5-10 cm across, unconsolidated and non-cemented.  These layers are also 

highly permeable. A number of karstic holes, several meters deep and filled by Terra 

Rosa soil, were penetrated in the borings. The cisterns penetrated were filled with 

organic clay material. 

Susidence began after a wet period in which 90 mm of rain fell in cycles of 

2-3 days wet weather and 3-5 days dry weather . At this rate the subsurface did not 

have enough time to drain, causing the various clay layers to become saturated. The 

coarse material acted as conduits distributing the water throughout the fill. 

The sinkholes are developed above the ancient water course and the 

intersection of permeable layers and gravel beds of opposing dips. Consequently 

there was a rapid increase in water content at the intersections of these layers with a 

subsequent increase in pore pressures and loss of strength in the clays. Piping and 

suction of fine material into the porous gravel beds led to the development of 

 Figure 25.  Geological cross section connecting boreholes. Damascus Gate.   
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concentric fractures at the surface, followed by the collapse of material and the 

formation of the sinkholes. 

Using the data collected It was possible to delineate the unstable areas where 

further subsidence could affect construction. Remedial works to reduce infiltration 

and permeability at and around the road junction site involved excavation and 

recompaction. Several winters of comparable rainfall have since passed with the 

ground remaining stable, justifying the detailed investigation. Since this investigation 

the area has undergone further reshaping without these phenomena recurring. 

Similar sinkholes have developed after winter floods in artificial and natural 

environments in other parts of Israel, such as in the coastal plain, the Haifa area and 

around the Dead Sea. 

Karst

 Limestone and dolomite are particularly susceptible to solution and 

recrystallization and many examples are described in the literature. Solution is 

governed by a complex chain of reversible reactions in which the participating 

components are gas in the form of CO2 from the atmosphere and from within the 

pore structure of the rock mass, carbonic acid H2CO3 as part of the natural water 

content and solid CaCO3 from the rock. The relationship between these three phases 

and the directions in which the reactions take place are shown in Figure 26. The 

amount of CO2 dissolved depends on the amount of air available for the first reaction 

to take place and generally varies only slightly from place to place in the free air. 

However the CO2 content in the pore space atmosphere of the rock mass may be far 

in excess of that in the free air due to local relatively high hydrostatic pressures 

produced by infiltation. The degree of solution of the carbonate component thus 

directly depends on the partial pressure of CO2 in the pore space, the CO2 content of 

the natural water as well as the velocity of movement of the infiltrating water, the 

time of contact between water and rock and the temperature of the water, pore space 

atmosphere and rock mass.The variations in water content and temperature in Israel, 

related to seasonal changes form an almost ideal environment for the above reactions 

to take place. During the summer fluctuations in temperature in the rock mass near 

the surface ranges between 12oC and 16oC and at a depth of 1.50 m or more between 

8oC and 13oC (Arkin, 1986). These fluctuations above and below the temperature of 

the solubility of carbonate in places leads to the chemical distintegration of the 

carbonate and the formation of cavities. Water content during the winter and the 

rapid increase in infiltration inhibit the chemical reactions. The amount of contact 

time between water and rock is reduced due to rapid drainage. Some dissolution may 

take place due to lowering of temperature, however the result is mainly an erosional 

action clearing the flow paths for further dissolution as conditions change. 
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 Figure 26. Schematic profile of karst processes.  

 Figure 27.  Karstic fractures filled with red-brown soil in the  

     Bina Formation limestone, north portal of  tunnels,  

                    Begin highway, at the entrance to Jerusalem.  
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Over long periods of time large cavities are formed and can reach large volumes at 

depths below the surface, often with no evidence of their existence. Often these 

cavities may be filled with red-brown soil washed in from the surface (Figures 27 

and 28). 

Two forms of karst are relatively common in the Bina, Weradim and Amminadav 

formations in the Jerusalem area, which progress along bedding planes, joints and 

fractures.

  Shallow karst is found in the limestone and dolomite at the interface of soil 

and rock (Figure 26). Pinnacles are formed at the interface with the spaces between 

them filled with soil. This type of karst usually occurs down to depths of 3-5 m and 

may affect shallow foundations, as was the case in the Ramot suburb of Jerusalem. 

In such situations, the overlying soil is usually removed to expose solid rock and the 

openings are filled. On exposed rock solutions can cause  troughs and ridges 

(Rinnen-Karren) that can be over 1m wide and infilled with soil.  

Deep karst in the Cretaceous dolomite and limestone in the form of large 

cavities such as the Soreq caves can be of large volumes with exotic features of 

stalagtites, stalagmites and calcite curtains. Usually these caves develop along the 

main fractures and joints within the rock mass and may occur to depths of over 60 m. 

In historical times these features were well known and exploited in 

underground works such as the water tunnels and aqueducts supplying water in and 

around the Old City of Jerusalem (Arkin and Flexer, 1986, Gill, 1996). 

 Figure 28. Karstic holes in the Amminadav Formation seen as brown  

patches of red-brown soil filling. Herzog Street. 
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Seismic Hazards 

Seismology, the study of earthquakes, comes from the Greek word SEISMOS, 

which means shaking. The term was introduced by Robert Mallet in 1850 to describe 

earthquake movements. The first instrument for recording earthquake motion was the 

seismograph invented by John Milne in 1880. However it was not until 1935, when 

Charles F. Richter introduced a scale for measuring total energy, that major steps 

were taken in the advancement of the study of earthquakes. The scale he introduced 

is the basis in designating the strength of an earthquake. 

The Richter Scale designates the total energy released on a scale of one to 

ten where M represents the magnitude of the earthquake. The sensitivity of the 

Richter magnitude (M) is described as follows: 

M less than 3.5-----------is recorded but not generally felt. 

M 3.5 - 5.4----------------felt but rarely causes damage. 

M less than 6.0-----------causes slight damage to well-designed buildings, and  major 

damage to poorly constructed buildings over several 

hundred kilometers.  

M 6.1 - 6.9----------------may cause destruction up to about 100 km in areas where 

                                       people live. 

M 7.0 - 7.9----------------major earthquake that can cause serious destruction over 

         large areas. 

M 8 or greater ----------- great earthquake that can cause serious destruction over 

         very large areas.  

To have some idea of the force of an earthquake the energy equivalent in 

tons of TNT to magnitude gives us a measure of this force as seen below: 

M4 ------------------- is equivalent to 1,010 tons of TNT. 

M5 ----------------------------------------- 31,800 tons of TNT. 

M6 ----------------------------------------- 1,010,000 tons of TNT. 

M7 ----------------------------------------- 31,800,000 tons of TNT. 

M8 ----------------------------------------- 1,010,000,000 tons of TNT. 

M9 ----------------------------------------- 31,800,000,000 tons of TNT. 

Before the Richter scale the only method of estimating the strength of an 

earthquake was by the oral evidence of those affected by it and reports in the media. 

In 1902 Giusseppe Mercalli introduced an intensity scale as a way of measuring or 

rating the effects of an earthquake at different sites. This scale was modified several 

times and in 1931, it was revised by the United States Geological Survey  This 

Modified Mercalli Intensity Scale is commonly used to describe the severity of 

earthquake effects. Intensity ratings are expressed as Roman numerals between I and 

XII from a low to a high effect. The Modified Mercalli Intensity Scale (Table 6) 

differs from the Richter Magnitude Scale in that earthquakes vary greatly from place 
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to place and that more than one Intensity value (e.g.: IV, VII) can be measured as the 

effects of earthquakes are felt differently in places. 

Table 6. The Modified Mercalli Intensity Scale. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - -  

Scale                     Description                                           Average Peak                 Average Peak   

                                                                                           Velocity (cm/sec)               Acceleration    

                                                                                                                                     g = 9.80 m/sec2

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I      People do not feel any Earth movement. A few    
       people might notice movement if they are at
       rest and/or on the upper floors of tall building. 

II     Many people indoors feel movement. Hanging  
objects swing back and forth.People outdoors  
might not realize that an earthquake is occurring. 

III   Most people indoors feel movement. Hanging                       1-2                           0.015-0.02 g  
       objects swing. Dishes, windows and doors rattle.  

IV   The earthquake feels like a heavy truck hitting 
        the walls. A few people outdoors may feel 
        movement. Parked cars rock . 

V    Almost everyone feels movement. Sleeping                           2-5                           0.03-0.04 g 
       people are awakened. Doors swing open or close.              
       Dishes are broken. Pictures on the wall move.  
       Small objects move or are turned over. Trees  
       might shake. Liquids might spill out of open 
       containers. 

VI   Everyone feels movement. People have trouble in                    5-8                           0.06-0.07 g   
       Walking. Objects fall from shelves. Pictures fall  
       off walls. Furniture moves. Plaster in walls might 
       crack. Trees and bushes shake. Damage is slight  
       in poorly built buildings. No structural damage. 

VII  People have difficulty standing. Drivers feel their                 8-12                         0.10-0.15 g  
       cars shaking. Some furniture breaks. Loose bricks 
       fall from buildings. Damage is slight to moderate 
       in well-built buildings; considerable in poorly 
       built buildings. 

VIII Drivers have trouble steering. Houses that are not               20-30                         0,25-0.30 g  
       bolted down might shift on their foundations.Tall  
       structures such as towers and chimneys might twist  
       and fall. Well-built buildings suffer slight damage.  
       Poorly built structures suffer severe damage. Tree 
       branches break. Hillsides might crack if the ground 
       is wet. Water levels in wells might change. 

IX   Well-built buildings suffer considerable damage.               45-55                          0.50-0.55 g  
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       Houses that are not bolted down move off their 
       foundations. Some underground pipes are broken. 
       The ground cracks. Reservoirs suffer serious damage.  

X    Most buildings and their foundations are destroyed.              > 60                           > 0.60 g  
       Some bridges are destroyed. Dams are seriously 
       damaged. Large landslides occur. Water is thrown 
       on the banks of canals, rivers, lakes. The ground  
       cracks in large areas. Railroad tracks are bent slightly.  

XI   Most buildings collapse. Some bridges are destroyed. 
       Large cracks appear in the ground. Underground  
       pipelines are destroyed. Railroad tracks are badly bent . 

XII  Almost everything is destroyed. Objects are thrown into  
       the air. The ground moves in waves or ripples. Large  
       amounts of rock may move. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

The Intensity rating of an earthquake effect does not require any 

instrumental measurements. Thus the seismologists can only rely on newspaper 

accounts, diaries, and other historical records to estimate the intensity rating of past 

earthquakes, for which there are no instrumental recordings. Intensities typically are 

greater close to an earthquake's epicenter. The Modified Mercalli Intensity Scale is 

important for understanding the earthquake history of a region, and estimating future 

hazards where little or no emperical measurements are available. 

To better understand this phenomenon it is neccessary to look at the anatomy 

of an earthquake. The focus of an earthquake is the point below the surface of the 

earth where the energy for the earthquake originates. The epicenter is the point on 

the earth’s surface directly above the focus and is described by its geographic 

location. The vibrations produced by an earthquake can be simulated by a drop of 

water falling into a pond, creating concentric waves expanding out from the center 

(Figure 29). In the earth the waves are generated by the energy released when one 

block of the earth’s crust moves in relation to another. The waves travel outwards 

from the source along the surface and through the body of the earth at varying 

speeds, depending on the rock types through which they move. When an earthquake 

occurs below the seafloor, waves known as a Tsunami are formed and spread out in 

concentric circles (Figure 29). Tsunamis are the most devasting, as seen recently 

(2005) in the Indian Ocean causing enormous damage and the loss of life of over 

280,000 person. Vibrations that are generated fall into two groups: surface waves 

and body waves (Figure 30). Surface waves are both longitudinal (Rayleigh waves) 

and transverse (Love waves) and are generally the strongest, causing the most 

damage. Body waves are primary waves know as P-Waves, which are 

compressional, and secondary waves known as S-Waves, which are shear waves. P-

Waves are the fastest and are first recorded by seismographs. These are followed by 
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the slower S-Waves. P-Waves cause displacement ahead and after the wave direction 

whereas S-Waves cause displacement at right angles to the direction of wave 

movement. Figure 31 shows examples of seismograms recorded during earthquake 

events in the vicinity of Jerusalem. 

 Figure 29. Earthquake epicenter simulated by a drop of water. 

 Figure 30. Seismic waves. 
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Seismic waves

Courtesy of Lea Feldman, Geophysical Institute.

Seismic Station at Malkishua
on the Gilboa

Seismic Station at Ofri
south of Haifa

Time scale

References in the literature on historical earthquake events in the Jerusalem 

area are in many cases ambiguous regarding the damage caused. Descriptions are 

based on Biblical, historical, geographical and archaeological evidence. Most reports 

refer to some damage, mainly to important buildings of religious or political 

significance. For example, there are many descriptions of structural damage or 

collapsing walls caused to the Al Aqsa Mosque and the Dome of the Rock over the 

period 687-1068 CE. 

These are based mainly on reports of renovations and restorations carried out 

at these sites. The damage in many cases can be attributed to natural decay or lack of 

maintenance and this damage may have been increased by an earthquake event. The 

Dome of the Rock is founded on bedrock whereas Al Aqsa is founded on fill 

material accumulated through the ages. This difference in the type of bedrock and 

the type of damage emphasizes the importance of knowing the foundation conditions 

of a particular site regarding a seismic event. The relationship between earthquake 

acceleration versus intensity for different foundation conditions is shown in Figure 

32 and may be applied to the Jerusalem area. 

In the vicinity of Jerusalem earthquake events have occurred with intensities 

of III-V on the Modified Mercali Scale. These are classified as low to medium 

earthquakes equivalent in most cases to vibrations of a passing heavy vehicle. Table 

7 gives a list of important historical events and major destructive earthquakes in 

Israel and adjacent areas since 64 BCE that have been felt in Jerusalem. 

 Figure 31. Typical seismograms of earthquakes recorded from stations 

                  north of Jerusalem. 
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Table 7.  Important historical events  

Date               Location                                 Result

64 BCE             Jerusalem                                     Damage to temple and city walls. 

31 BCE             Galilee and Judea                 30,000 people and animals killed in Judea.           

                 Serious damage at Jericho, Qumran and Masada.   

30, 33 CE          Jerusalem                 Slight damage  

115CE               Syria, Caesarea.                            Possible tidal wave damage. 

306 CE              Jerusalem, Caesarea                     Damage from Tsunami Tidal wave. 

363 CE              Palestine, Jordan                          Severe damage at many sites. 

419 CE              Palestine, Jordan                          Jerusalem damaged; Antipatris destroyed; 

                                                                               many towns and villages destroyed. 

447 CE              Gadara                 Thermal baths destroyed, many killed. 

      631 CE Palestine                 Aftershocks for 30 days. Widespread damage. 

      749 CE Palestine                 Severe; tens of thousands of deaths at  

                                                                               Capernaum,Sussita, Tiberias Gadara thermal  

                                                                               baths: damage in Scythopolis, Jerusalem, Pella, 

                                                                               Jerash. Philadelphia. Tsunamis in 

                                                                               Mediterranean & Dead seas. 

1033 CE          Jordan Valley                 Severe earthquakes for 40 days, at Ptolmias,  

                   Jerusalem, Tiberias, Jericho, Hebron. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

 In general earthquakes of major significance in the Jerusalem area are not 

common. Those recorded or mentioned in various sources were of a relatively small 

scale. The events were generally recognized in the damage caused to walls and 

foundations of mainly religious sites and recorded in their annals. The largest 

earthquake having a direct effect on Jerusalem occurred in the Dead Sea Rift valley in 

July 1927. This earthquake, with an estimated strength of M6.25, struck Jerusalem 

and caused moderate damage in Lod, in the coastal plain west of Jerusalem. Damage 

occurred in the Old City and on the Mount of Olives, causing some injured and 

deaths. Shalem (1947) shows photographs of the damage from this earthquake. 
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Various studies and evaluations of potential seismic activity that may affect 

construction in Jerusalem recommend that an acceleration of 0.1-0.2 g be taken into 

account in most engineering projects (Figure 32). A detailed study of the earthquake 

hazards in Jerusalem has been presented by Salamon at al.(2003). This work 

indicates potential areas of seismic risk, taking into consideration rock types, 

topography, landforms and evaluation of seismic intensities as a result of the 1927 

earthquake.

The 1927 earthquake that struck this area received world wide attention. The 

following is a selection of reports on the earthquake that appeared in some major 

American  newspapers. 

 Figure 32. Earthquake accelerations versus intensity for foundation   

                   conditions (after Leeds, 1973). 
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Los Angeles Times.  Tuesday July 12, 1927:

 Hundreds hurt in earth shock. Church of Holy Sepulcher suffered ground 

tremor. Felt in Cairo, worst toll in country region. 26 killed, 30 injured. Damage to 

post office, Zionist Executive Building, Government House. After quake Jerusalem 

streets filled with excited crowds refused to enter homes. Tremor felt in Australia. 

San Francisco Chronicle.  Wednesday 13 July, 1927: 

Twenty towns damaged by long series of tremors. Hundreds injured, most 

casualties in Transjordania. Jerusalem in terror, fearing shock recurrence; Bridges 

down. British Air Force Depot at Amman Destroyed; Many casualties when Nablus 

Bazaar falls. 

San Francisco Chronicle.  Wednesday 15 July, 1927:

  Palestine Quake toll set at 670 dead, 3000 hurt, $2 Million damage Biblical 

city of Nablus in ruins; rescue parties at work; many of injured dying. New suburbs 

suffer, Talpiot, Beth Israel. Baghdad Synagogue collapsed.  

Time Magazine.  25 July 1927 Volume X no.4: 

“The holy land trembled and was shaken last week from Jerusalem to 

Jericho and very largely along the banks of Jordan. 670 persons died, not one of 

these reputedly a US citizen nor Jew. Although no Jew was killed in Palestine last 

week many were rendered homeless by the destruction of their houses, and students 

at the Institute of Jewish Studies in Jerusalem found most of its buildings unsafe or 

utterly shaken. Manhattan dry goods merchant cabled $25,000 to Palestine, 

instructing that it be used for feeding and caring for earthquake sufferers without 

distinction of race or creed”. 

Quarries 

Since the Stone Age stone is and has been the main building material in this 

region. In the beginning stones were collected and placed one upon the other to build 

fences, protective walls and crude buildings. As time progressed the methods of 

obtaining the raw material to provide cut, and crushed stone became more efficient 

and economically sustainable. Today Jerusalem’s unique architecture developed 

from the structures previously built through the ages, and exempified by the superb 

Herodian masonary and buildings. The stone raw material was in most cases 

obtained from quarries around Jerusalem with only specific stone such as marble and 

granite imported from other areas. Figure 33 shows the ancient quarries and 

excavations of limestone and dolomite in and around the Old City of Jerusalem.    

           Construction in modern Jerusalem is based mainly on limestone and dolomite 

in all its forms. The material is crushed for aggregate, cement, lime and carbonate 

sand as well as for all types of masonary. Limestone in particular is used today as 

polished stone resembling marble and as cut and dressed stone for facing buildings 

(Figures 35 and 36). Municipality by-laws that originated during Brithish Mandate 
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times and applicable today require all buildings to be faced with limestone, giving 

Jerusalem its special character. 

Abandoned quarries (Figure 34) and those in use today are found in and around 

Jerusalem and these have left ugly scars in the topography. In some cases the sites 

have become enviromental hazards where unauthorized waste material has been 

dumped although regulations are in place to control indiscriminate waste disposal. In 

recent years a special fund (The Quarry Rehabilitation Fund) was set up to carry out 

remedial works on abandoned quarries. At some sites rehabilitation has restored the 

topography and natural vegetation, making it difficult to recognize the prior 

existence of a quarry. Also a number of uses have been applied  to abandoned 

quarries such as for roads, reservoirs, firing ranges and regulated waste disposal 

sites.

 Figure 33. Ancient quarries and excavations of limestone and dolomite in  

                   and around the Old City of Jerusalem. 
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 Figure 34. Abandoned quarries within the Jerusalem municipality. 
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 Figure 35. Bina limestone blocks used as “marble”. Note line of drillholes 

                   showing method of quarrying.   

Figure 36. Quarry face in Bina limestone south of Jerusalem.  
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CASE HISTORIES 

Tunnels and Viaducts

In the past few years a number of surveys have been carried out for building 

tunnels, viaducts and major highways in the Jerusalem area. The Gilo and Mount 

Scopus projects are good examples of these and their case histories are discussed 

below. The geology in the area consists of sedimentary rocks of limestone, dolomite 

and marl of the Judea Group of Upper Cretaceous age. These rocks form part of the 

eastern flank of the Judea anticline that dips some 10o towards the Jordan River Rift 

valley (Figures 7 and 9). Steeper inclinations are found near faults and local folds.

CLASSIFICATION SYMBOL TYPE PARAMETERS PURPOSE APPLICATION

Rock Load Factor qualitative rock load rock quality tunnels

Stand-up Time qualitative rockmass 
behavior in time

structural
defects & 
stand-up

time

tunnels

New  Austrian 
Tunneling Method

NATM Qualitative
ground

classification

behavior under 
load  & 

monitoring

ground
condtions,
excavation 

and supports

tunnels

Rock Quality 
Designation

RQD quality 
index

NX core 
recovery

index for 
identifying 
low quality 

zones

general & 
tunnels

Rock Structure 
Rating

RSR qualitative 
rating

geological & 
constructural

rockmass 
quality for 

support

mainly tunnels

Rock Mass  Rating
Geomechanics

RMR qualitative 
rating

mechanical & 
fracture data

definition of 
rock mass 

for
engineering

practice

tunnels, slopes, 
chambers, 

foundations

Q- System Q quantitative 
assessment

rockmass, 
geological,

mechanical, and 
water conditions

numerical 
assessment 
for design

underground
excavation

Size-Strength 
Quality

quality 
index

strength & 
fracture spacing 
related to block 

size

rock mass 
character

underground
excavation & 

ground control

International 
Society for Rock 

Mechanics

ISRM qualitative lithological, 
structural & 
mechanical

simplified 
geotechnical

general purpose

Modified Basic 
Rock Mass Rating

MBR quantitative 
rating

strength,
fracture density 

& water

indicator of 
competence 
disregarding 

opening

mainly hard 
rock mining & 

excavation

Table 8. Tunneling classifications and methods used around the world.



49

The Gilo project of tunnels and a viaduct connecting them, as part of Road 

No. 60, giving access to Gush Ezion south of Jerusalem, are a good example of the 

procedures followed during the various stages of a major civil engineering project of 

this kind. The design of the Gilo project, which consists of two tunnels and a viaduct, 

began in 1987 (Figure 37). 

 Figure 37. Gilo Project location map. 

 Figure 38. Tunneling method in various lithologies around  

                   Jerusalem according to rock mass quality. 
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Excavation of the short tunnel began in July 1992 and was completed in 

March 1993. Excavation of the long tunnel began in September 1993 and was 

completed in May 1995. Evaluation of the rock mass for both tunnels began with 

geological mapping followed by core drilling. The data gained was processed by the 

“Q” System of Barton, et al., (1974) and Rock Quality Designation (RQD) of Deere, 

et al., (1969). The quality of the rock was also evaluated using the Rock Mass Rating 

(RMR) of Beiniawski (1976). These methods use measurable and descriptive 

parameters which take into account the fracture system, measuring the continuity, 

spacing, degree of roughness of the fracture plane and the type of material filling 

them. This data formed the basis for design and constituted a guide to the tunneling 

method that was applied to the different lithologies around Jerusalem (Figure 38). 

The effect of water on the cohesion and friction angle of chalky marl of the Kefar 

Sha’ul Formation is shown in Figure 39. 
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The comprehensive geological and geotechnical survey included mapping of 

the alignment, borehole exploration, geophysical surveys, that included Resistivity 

and Ground Penetrating Radar followed by laboratory tests, all carried out prior to 

excavation.

 Figure 39. Cohesion and friction angle in relation to water content in the chalky marl 

                   unit of the Kefar Sha’ul Formation in the Gilo Short Tunnel. 
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 Core samples from the boreholes provided the physical and mechanical 

parameters that included Specific Gravity (Gs), Density ( d), Plasticity Index (PI), 

Porosity (n), Permeability (k), Friction Angle (!"), Cohesion (c), Shrinkage Index 

(SI), Compressive Strength (Sc), Tensile Strength (St), Modulus of Elasticity (E), 

Poisson Ratio (v), Core Recovery (%), Rock Mass Designation (RQD), Rock Mass 

Quality (Q), and Ultrasonic Wave Velocity (V). 

Gilo Short Tunnel

 The Gilo Short Tunnel passes mainly through the Kefar Sha’ul and the upper 

part of the Amminadav formations (Figures 40, 41, 42 and 43). The Kefar Sha’ul 

Formation consists of two units: a lower unit of well-bedded limestone and marl and 

an upper unit of massive chalk and marl. The thickness of the exposed formation is 

50-60 m. Several clay layers occur in the upper part of the formation. The common 

clay minerals are montmorillonite and illite. The clay minerals are associated with 

both the chalk and marl and are dispersed within the rock mass. Highly varied 

swelling phenomena were identified within the rock mass, ranging from non-

swelling chalk containing small amounts of clay to clayey chalk with moderate 

swelling pressures of 0.24-1.4 kg/cm2 and to higher swelling pressures of 6.2-9.8 

kg/cm2. This   non-uniform spread of swelling pressure throughout the rock mass is 

quite different from that described in the literature. Testing for swelling pressure was 

carried out because of the infiltration of sewage water from a spill at the surface 

above the tunnel. This water entered the tunnel  along fractures above a clay bed 

during construction. 

 Monitoring of possible increase in swelling pressure, which may have 

affected the tunnel walls and the shotcrete support, was carried out for a long period 

post construction by installed convergence meters and extensometers at depths of 9 

m and 13 m into the walls and roof of the tunnel in the area of the clay beds. No 

significant deformation was measured attesting to the reliability of the support 

structures. The rock mass of the formation was evaluated as having an RMR of 40-

60 and Q of 0.75-12.5, representing a poor to satisfactory quality. 
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 Figure 40. Geotechnical cross section of the Gilo Short Tunnel alignment.    
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 Figure 41. View of the north portal of the Gilo Short Tunnel in the Kefar Sha’ul   

                   Formation during construction.   

 Figure 42. Gilo Short Tunnel south portal in the Amminadav Formation. 

 Amindav  Fm. 

Kefar Sha'ul  Fm. 

 South Portal 
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The Amminadav Formation consists of hard limestone and dolomite, occurring in 

beds of 0.50 –1.00 m in thickness. Karst phenomena and fissuring appear locally. 

The thickness of the formation ranges between 50 m. and 90 m. The rock mass of the 

formation is evaluated as having an RMR = 60-80 and Q = 16-14 for the massive 

dolomite, with lower values for fractured and weathered dolomite. 

Gilo Long Tunnel 

The Gilo Long Tunnel (Figure 44) passes mainly through the Amminadav 

Formation. Karst phenomena in the form of open fractures and cavities mostly filled 

with brown clay soil and rubble are found in places (Figures 45 and 46). The lower 

part of the formation shows collapse structures and blocks of dolomite, partly 

weathered and imbedded in the underlying marl of the Moza Formation. This zone is 

referred to as the Transition Zone and ranges in thickness from 5 to 10 m (Figures 47 

and 48). The zone occurs regionally, and is easily recognized in outcrops by the 

indistinct contact between the two formations and the accompanying collapse 

structures. The condition of the rock mass in this zone is difficult to predict since 

there is a rapid change from hard dolomite and weathered soft “sandy” dolomite to 

marl or clay. Excavation in this zone was carried out after horizontal probe drilling to 

test conditions in advance of the work face. The overall rockmass quality along the 

tunnel alignment was calculated as Q = 2.5-24, which conformed to a rock mass of 

fair to good quality.  

 Figure 43. Gilo Short Tunnel work face in the Lower Unit of the Kefar Sha’ul 

                   Formation chalky limestone. 
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 Figure 44. Geotechnical cross section along the Gilo Long Tunnel.    
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 Figure 45. Karstic fractures at the north entrance to the Gilo Long Tunnel.   

 Figure 46. Gilo Long Tunnel at the start of the north portal.   

Soil filled fractures 
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 Figure 47. Columnar geological section showing position of the Transition Zone.  

 Figure 48. Dolomite block in the Transition Zone.   
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However this quality was reduced locally in areas within the Transition 

Zone. The areas in which this zone is found at the surface or in the underground 

should be investigated in detail at sites where other engineering projects are planned. 

Direct shear tests on the “sandy” dolomite yielded an internal friction angle # of 33o

and cohesion of 27 kPa. Granulometric tests defined the grain size between silt and 

sand. The internal friction angle of the massive dolomite was close to # of 45o and 

the cohesion was close to 35 MPa. The uniaxial strength   of the massive dolomite 

was between 100 and 200 MPa. Open fractures and large karstic voids filled with 

Terra Rosa soil of mainly expansive montmorillonite occurred in places along the 

alignment. Rockmass evaluation of quality gave a range in Q between 0.004 and 

0.06 and an RMR between 10 and 90. This combination of soft material and voids in 

massive rock caused a problem in the geomechanical definition of the rock mass. 

 The method of excavation in both tunnels was drill and blast with a 

boomcutter used in soft areas. The rate of excavation ranged from 2 to 5 m/day at the 

face. The supports in both tunnels were steel arches and shotecrete along the whole 

length of the tunnel, with spacing between arches ranging from 0.5 m to 2 m, 

according to the quality of the rock. 

The values of Q and RMR of the rock mass of dolomite, defined as 

reasonable to good along part of the route in the two tunnels, were found to be lower 

during excavation due to the unpredictable conditions in the Transition Zone. In 

these places the number of supporting steel arches was increased and the spacing 

reduced.

The main lesson to be learned from this is that in areas of rapid local 

lithological changes that are not readily recognized in the field or in boreholes, it is 

necessary to relate to the documentation from other projects in a similar geological 

situation. The number of exploratory  boreholes should be increased significantly 

along the suggested tunnel route to be better prepared for excavation. 

Gilo Viaduct 

The Gilo Viaduct spans Nahal Gilo and connects between the short and 

the long tunnel. The viaduct is 350 m long and at its maximum height is 50 m above 

the bed of Nahal Gilo (Figures 49 and 50). It is made up of 5 columns and 2 end 

members connecting the viaduct at each end to the rock foundations. Figure 51 

shows one of the columns. The foundations for each column and the end members 

received special attention since these are sensitive points in the construction of the 

viaduct and of its stability.  
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 Figure 49. Geological cross section along the Gilo Viaduct alignment. 
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 Figure 50. Gilo Viaduct during construction.   

 Figure 51. Gilo Viaduct-column Do.  
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 Figure 52. Foundation pit Do.   

 Figure 53. Foundation pit Do. Drilling exploratory and grouting holes.  
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Any movement at the base of the foundations would be translated into 

major movements at the top of the columns. Therefore at the site of each column 

base a pit of at least 12 X 12 m was excavated to bedrock (Figure 52). The base of 

the pit was cleaned to expose the nature of the bedrock and the presence of fractures 

and karst. The floor was cleaned of rubble and after detailed mapping a cement floor 

was laid over the base of the excavation. A Ground Penetrating Radar survey and 

boreholes were then carried out to further test the rock conditions to a depth of 

several meters below the foundation floor (Figure 53). A typical borehole log 

showing the rockmass below the floor of the excavation and the various tests carried 

out on the core samples is given in Figures 54 and 55. The results of these operations 

were summed up in a detailed map of the excavation floor to guide and test the 

results of grouting operations carried out to further stabilize the rock mass below the 

column foundation (Figure 56).  

 Figure 54. Gilo Viaduct Foundation Pit Fo - Borehole Fo1.    
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 Figure 55. Gilo Viaduct Foundation Fo. 

                    Boreholes F1 F2 F3 core. 

 Figure 56. Gilo Viaduct foundation pit Do. Map of fractures and karst zones. 
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Mount Scopus Tunnel 

 The Mount Scopus tunnel provides an example of tunneling in a different 

rock type from that described above. The tunnel is excavated through the N-S 

trending ridge between Mount Scopus and the Mount of Olives. The ridge ranges in 

elevation from 750 to 840 m above mean Mediterranean Sea level, built of carbonate 

rocks that are part of the regional water divide separating the Mediterranean drainage 

basin from the Dead Sea drainage basin. Along the western side of the ridge the 

slopes are generally short and slope up to 12o. On the eastern side the slopes are 

generally longer and steeper, ranging between 12o and 15o. Rainfall to the west of the 

divide may reach an annual average of up to 500 mm and more whereas on the 

eastern side it drops rapidly towards the Judea Desert to less than 200 mm within a 

few kilometers. Snow may cover the top of the ridge several days during some 

winters. The regional groundwater table in this area is at a depth of several hundred 

meters below the tunnel level. Therefore water was not considered to be a major 

problem in excavation.  

 The tunnel site is located between the Mount Scopus University Campus and 

the Augusta Victoria Hospital (Figure 57). The general direction of the tunnel is E-W 

and allows easy access to the town of Ma’ale Adummim. Excavation was in chalk, 

marl and some clay of the Senonian Menuha Formation (Figures 8, 9 and 11) which 

is inclined 5o-10o in a southeastern direction as part of the eastern monoclinal flank 

of the Judea anticline. The chalks are generally massive, occurring in the upper and 

lower parts of the Menuha Formation. Marl and clay lenses are found in the middle 

section of the formation. Lateral facies changes from chalk to marl with variable 

amounts of clay along the alignment characterize the rock mass. As a result of this it 

was difficult to establish a correlation between boreholes. To overcome this a 

detailed micro-paleontological examination was made of samples from each 

borehole and this enabled good comparison between the boreholes. 

Investigation began May 1993 with geological mapping and geotechnical 

evaluation of the rock types at the site. Five initial boreholes were made to obtain 

full cores and samples for testing, using a hydraulic rig and water to obtain full cores 

of 67 mm diameter. An additional two boreholes were drilled using a Failing 1250 

rig to obtain a core of 80 mm diameter. Drilling with air was mandatory for these 

boreholes to enable retrieving in-situ cores of undisturbed rock with a natural water 

content. This was necessary for evaluating the swelling pressures in the clayey 

material. Figures 58 and 59 show a summary of data from a typical borehole. The 

total data was summarized in a geotechnical cross section along the tunnel alignment 

given in Figure 60.  
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 Figure 57. Location of the Mount Scopus Tunnel and exploratory boreholes.  
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 Figure 58. Mount Scopus Tunnel, Borehole Z4.  
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 Figure 59. Mount Scopus Tunnel, Borehole Z4. Photo of borehole core recovery.    
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 Figure 60. Geotechnical cross section along the Mount Scopus Tunnel alignment. 
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The plasticity of the rock types containing clay was summed up in Figure 61 

and  the suggested method of excavation according to the rockmass classification 

was shown in Figure 62. Additional boreholes denoted by the letter K were drilled 

along the approach roads to the tunnels on both the eastern and western sides to 

provide data for the construction of retaining walls in the soft chalk. 
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 Figure 62. Suggested excavation method according to rock mass classification.      

 Figure 61. Plasticity chart for clay in the Menuha Formation marly  

               chalk at the Mount Scopus Tunnel site. 
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The hard chalk has a compressive strength of 11.7-33.2 MPa and a tensile 

strength of 2.12-4.5 MPa. The soft chalk has a compressive strength of 10.9-22.6 

MPa, and tensile strength of 1.48-1.96 MPa. The limestone within the formation has 

a compressive strength of 30.8-77.3 MPa. The clay component is smectite with some 

kaolinite, the former being sensitive to water. Where clay occurs the Plasticity Index 

ranges from 11-26 (Figure 61) and swelling pressure may reach as high as 0.246 

MPa. The overall rockmass classification has a Q range of 0.35-3.8 and is as high as 

11.3 in places. The RMR ranges from 35-66, representing a poor to good rock mass. 

The support structures used were shotcrete and steel arches.  

Tests on chalk and soft limestone samples with regard to the method of 

excavation indicated ideal conditions for the use of a roadheader tunneling machine. 

The samples tested had an average strength of 18.9 MPa and indicated an estimated 

instantaneous cutting rate of 65.90 m3/hr for a medium duty roadheader or 100-125 

m3/hr for a heavy duty machine. The final perfomance during construction compared 

favorably with the parameters achieved during the investigation. The overall method 

of excavation with regard to quality rating and rock mass rating is shown in Figure 

62.

WATER SUPPLY 

General 

     Water supply to Jeruslem in the early years is assumed to have been from the 

nearby Gihon perennial spring in the upper Qidron valley that flows out at the foot of 

the City of David. The rocks from which the Gihon flows consist of fractured, karstic 

limestone and dolomite of Turonian age. Additional water was obtained by 

collecting rainwater in cisterns and pools, some shallow hand dug wells, as well as 

via aqueducts. In the latter case water flowed to the city from perennial springs 

located at higher elevations 11.5-18.5 km south of Jerusalem.  

 During the British Mandate (1917-1948) the British Army supplied 

Jerusalem with water by pumping directly from the Arruba Pool (see chapter 

Aqueducts following) through a metal pipe. Since 1918 the Lower Aqueduct ceased 

to supply water to Jerusalem. The British Mandatory Government also installed 

pumping stations at Solomon’s Pools in 1923 and at three springs in Wadi Qelt, east 

of Jerusalem: Ein Farah in 1928; Ein Fawwar in 1931; and Ein Qelt in 1935. A 60 

km long 18’’ diameter pipe line was laid in 1936, joining Jerusalem with the Rosh 

Ha’ayin (Hayarqon) springs in the coastal plain. Since 1948 three additional pipe 

lines have been laid and fed from wells pumping from the two subaquifers of the 

Judea Group aquifer west of the Judea Mountains. 
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 In rainy winters when the water level in Lake Kinneret is high 5% and more of 

the total water supply to Jerusalem is supplied via the National Water Carrier. 

During the past fifty years groundwater in Jerusalem and vicinity has been pumped 

from the Lower Judea Group Subaquifer from wells mainly west of Jerusalem and 

these are shown in Figures 63, 64, 65 and 67. Discharge from these wells ranges 

between  58 and 334 m3/h, however some wells have been shut down due to 

contamination. The Gihon Water Company nowdays supplies the water throughout 

the city and is also responsible for sewage disposal. 

GROUNDWATER

 Groundwater in Jerusalem and vicinity occurs in the phreatic, karstic and 

fractured Judea Group aquifer. West of the Judea Mountains the aquifer is mostly 

confined. The aquifer consists of a complex of Cretaceous dolomite and limestone 

with some thin marl and clay layers. For a detailed description of these rocks and 

formations see Figure 8. The Moza Formation of marl, clay and some limestone and 

the marly facies of the Bet Me’ir Formation within the rock sequence separates the 

aquifer into two main subaquifers: the Upper and the Lower Subaquifers (Shachnai, 

1980) shown in Figure 63. In some areas the marly Kefar Sha’ul Formation separates 

the Upper Subaquifer into two secondary subaquifers (Shachnai, 1980). The thin 

marl layers of the Soreq Formation separate the Lower Subaquifer into a several 

secondary subaquifers. The thickness of each main subaquifer is approximately 400 

m, however the Upper Subaquifer is thinner in many places due to erosion. 

Numerous perched springs flow out of the Upper Subaquifer where the Moza 

Formation acts as an aquiclude and daylights at the surface. 

The groundwater flow in the region is controlled by the geological structure 

of the Judea anticline. The Lower Judea Group Subaquifer around Jerusalem has 

been penetrated by more than twenty boreholes (Table 9) from which a groundwater 

contour and a isochloride map have been prepared. (Figures 64, 65 and 66). These 

maps demonstrate that groundwater enters the area from the northeast along 

synclinal folds and splits into two directions, one from northeast to southwest and the 

other eastwards, forming the local groundwater divide. 
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Well Number on 

the map

Well name Coordinates Groundwater 

elevation (+m) 

   (March 1984)

Cl (Mg/l)

(April-May 

1985)

NO3 (Mg/l)

(May 1985)

1 Yerushalayim 11 17411/13876    

2 Yerushalayim  7 17445/13340    

3 Yerushalayim  5 17291/13271 362 28 15.3

4 Yerushalayim  4 17170/13070 420 32 14.4

5 Yerushalayim 14 13745/13000    

6 Yerushalayim  6 17217/12559 223  (2/84) 25

7 Yerushalayim  2 16980/12877    

8 Yerushalayim  3 16980/12877 422 28 10.8

9 Yerushalayim  1 16880/12950 480 37 15.2

10 En Kerem 16 16685/12805  39 18.3

11 En Kerem 17 16571/12777 450   

12 En Kerem 15 16552/13282 478 39 17

13 En Kerem   2  16608/13363 (482-4/83) 28 14.4

14 En Kerem 14 16623/13402 477 43

15 En Kerem   9 16641/13475  28

16 En Kerem 18 16610/13515    

17 En Kerem 10 16782/13466 486 39 

18 En Kerem 12 16910/13456 498 57 

On Figures 65, 

66

El Eizariya 1 17660/13200 13 (2/84) 28 

On Figures 65, 

66

En Kerem   5 16146/13379 476   

On Figures 65, 

66

En Kerem   7 16160/13166 408   

On Figures 65, 

66

En Kerem   8 15902/13372 498   

On Figures 65, 

66

En Kerem 11 16305/13085 436   

On Figures 65, 

66

En Kerem   1 16490/13193 472 43  

On Figures 65, 

66

En Kerem   4 16416/13117 459 57 15

On Figures 65, 

66

En Kerem   6 16226/13006 429 36 

On Figures 65, 

66

En Kerem 13 16465/12791 443 39 

On Figures 65, Herodion    2 17092/11933 328 25

Table 9. Groundwater elevations, Cl and NO3 in the Lower Judea Group Subaquifer. 

               (After Baida and Guttmann 1985, Hydrological Service 2007) 
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Groundwater elevations in the Lower Subaquifer near this groundwater 

divide range between 420 and 490 m above mean Mediterranean sea level, becoming 

lower towards the east by 226 m in the Yerushalayim 6 well (March 1984) and 13 m 

in the El Eizariya 1 well (March 1984). The depth to water level from the surface 

near the groundwater divide is generally between 100 and 200 m and fluctuates 

between 3 and 26 m in the different wells throughout the year. 

The chemical analyses presented in Table 10 and the isochloride map 

(Figure 66) indicate high quality fresh water. The low value of cation and anion 

concentrations show that the water source is located in the recharge area and is from 

precipitation of rain and occasional snow. The amount of recharge is approximately 

30% of the total yearly precipitation of an annual average rainfall of 500 mm (Ecker, 

2000).

Table 10. Chemical analyses (mg/l) of waters from the Upper and the Lower Judea Group  

                 subaquifers. 

Water source and 

subaquifer 

Ca Mg Na K Cl SO4 HCO3 NO3

En Kerem 15 – 

well. (Lower) 

Hydrological 

Service 26/9/93. 

77.0 29.4 23.0 1.8 43.0 21.0 18.15 23.0 

Ein Se’adim-

spring. (Upper) 

Mekorot Co. 

14/12/95.

87.5 44.7 20.5 2.1 42.9 7.5 405.1 1.3 
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Cisterns and pools

  In the mid 20th century, before the appearance of boring machines, the water 

supply to Jerusalem was from springs, rainwater and floodwater collected in cisterns 

and pools, some shallow dug wells and water imported via aqueducts and pipe lines. 

 The hydrogeological map (Figure 63) shows the location of many of the 

present-day cisterns and dug wells. In early times cisterns were excavated in places 

where water was needed regardless the geological formations. Today 34 cisterns are 

found on the Temple Mount. The largest three cisterns are located near the El Aqsa 

Mosque and have a volume of 12,000 m3, 8,000 m3 and 5,000 m3, respectively 

(Hecker, 1965). 

 During King Herod’s time (37-4 BCE) some 15 pools and reservoirs were 

excavated to collect rainwater, aqueduct water and floodwater within and in the 

vicinity of the actual walls of the Old City (Avitsur, 1992). Today these pools are not 

in use and most are filled with rubble or covered with soil. Table 11 shows pools from 

the First and the Second Temple times as well as those of Herod’s time not in use 

today. Six thousand cisterns with a total capacity of 500,000 m3 (Avitsur, 1992) 

existed in Jerusalem towards the end of the Ottoman Rule (1517-1917). 

 In 1948, the Jewish Quarter of the Old City contained 1,053 cisterns with an 

approximate capacity of 1,000,000 m3 (Hecker, 1965). 

Table 11. Pools and water reservoirs not in use today. 

Name Dimensions Period Remarks 

Upper Pool. 23 m deep. First Temple. In the Old City. 

Sedeh Koves.  First Temple 

?

Near Ein Rogel. 

Birket El 

Hamra. 

  Known also as the 

Siloam Pool. Supplied 

by the Gihon Spring. 

Miriam Pool.  Second

Temple. 

Sultan’s Pool. 73,920 m3 capacity. 

(Avitsur, 1992). 

Herodian. In the Ben Hinom 

Valley. Largest pool. 

Mammilla

Pool.

97 m x 60-65 m x 6.5 

m. 

Herodian. In the upper Ben Hinom 

Valley. Fed by 

floodwater and by the 

Upper Aqueduct. In use 

till 1948. 

Israel Pool. 110 m x 38 m x >26 

m. 

Herodian. In the Old City. 
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Bet Hisda Pool. 45 m x 6 m x 11 m.  In the Old City. Known 
also as the Probatica 
Pool.

Amegdalon 

Pool.

95 m x 44 m x 6-7.5 

m. 

Herodian. In the Old City. Known 
also as The Tower or the 
Hezekiah Pool. Supplied 
by gravity from the 
Mammilla Pool. 

Hesterotion

Pool.

 Herodian. Discovered in the 19th

century. 

Aqueducts

Since the time of the Second Temple (2nd century BCE),  water was imported 

to Jerusalem mainly by an aqueduct system (Figure 68). It was collected from 

perennial springs issuing from the lower part of the Upper Subaquifer close to the 

Moza Formation. Three pools, called “Solomon’s Pools”, (locally named El Burekh 

pools) acted as the main reservoir of the system from which water flowed by gravity 

to Jerusalem. The pools are hydraulically connected and contain more than 180,000 

m3 of fresh water (Mazar, 1989). They are located 11.5 km south of the Temple 

Mount at elevations of 765 m, 785 m, and 800 m above mean Mediterranean sea 

level.

 These pools are fed by floods, nearby springs, as well as by the two 

Herodian Biyar and Arruba aqueducts which carry water from springs located south 

of the pools. The Biyar aqueduct, 4.7 km long, begins at the El Biyar spring at an 

elevation of 890 m and connects the pools via two tunnels (one of them is 2.8 km 

long) and two channels. The Arruba aqueduct is 39 km long and supplied water to 

the second pool from springs located at elevations of 820 m to 840 m. This system 

also included a pool of approximately 20,000 m3 capacity constructed by the Roman 

governor, Pontius Pilatus (26-36 CE).  

 Water was brought to Jerusalem from the above pools by two main 

aqueducts:

 a. The Lower Aqueduct was built during Hasmonean rule at the time of the 

Second Temple. It began at Ein Eitam, below the lowest pool, at an elevation of 765 

m. It is 21 km long and terminated at the Temple Mount at an elevation of 735 m. 

Water was supplied to the aqueduct from the pools as well as from the nearby spring 

of Ein Faruje. This enabled a continuous flow throughout the year (Mazar, 1989). 

The aqueduct winds through the topography, crossing like bridges and passing 

through two tunnels. One tunnel, 360 m long, is located under the city of Bethlehem 

and the other, 423 m long, passing through the Armon Hanaziv ridge (Jebel 

Mukkaber). This aqueduct was in operation up to the end of the Ottoman rule and 

was repaired many times during its history (Figures 69 and 70). 
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b. The Upper Aqueduct was built by King Herod (37-4 BCE) and is 14 km long. It 

began at the upper pool of Solomon’s Pools at an elevation of 800 m and terminated 

in Jerusalem at an elevation of 760 m. A bridge more than 2 km long was built over 

the 35-40 m deep valley north of Bethlehem (Amit, 1994) to maintain the elevation 

of the aqueduct as high as possible. The bridge was later destroyed. The aqueduct 

was rebuilt 200 years later by the Roman Tenth Legion, using a ceramic pipe acting 

as a siphon instead of a bridge to cross this valley. 

Figure 68. Ancient aqueduct network supplying water to Jerusalem.   
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Figure 70. The lower aqueduct between the Sultan’s Pool. 

                  and the Temple Mount located on the western  

                  side of  Mt. Zion. An Ottoman clay pipe is  

                  installed in the aqueduct. 

Figure 69. The lower aqueduct located on the southern  

                  side  of Mt. Zion, partly broken and showing  

                  the installed Ottoman clay pipe. 

Clay  pipe 

Clay  pipe 



82

WASTE MATERIALS 

Sewage

 Five main watersheds exist in Jerusalem and vicinity (Figure 71). Two drain 

westwards to the Mediterranean Sea through Nahal Refa’im and Nahal Soreq and the 

other three, Nahal Og, Nahal Qidron and Nahal Darga, drain eastwards to the Dead 

Sea.

 Sewage control along these watersheds began during Ottoman times some 

100 years ago. Remnants of the system are seen as channels paved with bricks and 

clay pipes that still exist in East Jerusalem. The sewage system was designed to flow 

by gravity except at three locations where pumping was required. Part of this old 

system in the Muslim and Christian Quarters of the Old City was replaced in recent 

years to provide a cleaner environmental area to encourage tourism (Jad et al., 1996). 
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Figure 71. Drainage basins and sewage treatment plants in the  Jerusalem area. 
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Western Drainage System 

 The current situation in Jerusalem and vicinity with regard to liquid sewage 

disposal is confined mainly to the watersheds of Nahal Refa’im and Nahal Soreq. 

Nahal Refa’im drains sewage from the southwestern part of Jerusalem and from Har 

Homa, Beit Jala and western Bethlehem. The sewage from Beit Jala and western 

Bethlehem drains to the valley through a pipeline donated by the German 

government. 

 Sewage from Har Homa, Zur Bahr and Umm Zuba will be treated by a plant 

using the membrane method. The effluents will be used to irrigate public parks in 

Jerusalem (M. Blum personal communication, 2005). 

 Before the construction of the sewage treatment plants in Nahal Soreq raw 

sewage flowed untreated along Nahal Soreq over fractured rocks of the Judea Group 

aquifer (Figure 63). There is no evidence, as yet, to where infiltrating sewage flows 

in the underground. It seems possible that some deviates towards the Dead Sea, at 

the local groundwater divide, with the rest flowing westwards.

 Nahal Soreq drains the sewage of northwestern Jerusalem (Figures 63 and 

71) as well as that of several villages in the neighborhood. In 1959 the first sewage 

treatment plant was built in the upper part of Nahal Soreq specifically to treat sewage 

from the Hadassah Hospital in En Kerem. Twenty years later, in 1979, another 

treatment plant with a capacity of 13,000 m3/day was constructed near the existing 

plant in En Kerem to treat the sewage from Jerusalem. The treated sewage was 

released through a 6 km long pipe into Nahal Soreq and flowed over rocks of the 

Lower Judea Group Subaquifer to the confluence with Nahal Refa’im. By 1994 the 

plant could not absorb the total flow of the sewage that had increased to 22,000 

m3/day (Hazut et al., 1995). The surplus untreated sewage flowed from the plant 

along the valley floor over the Judea Group limestone and dolomite.  

 A major treatment plant in Nahal Soreq built to serve both valleys was 

completed in 1999. The flow from Nahal Refa’im has been diverted since 1999 

through the 2.1 km long tunnel into the Nahal Soreq system. The sewage from both 

valleys is collected in a pipeline that terminates at the treatment plant. The first stage 

capacity of the plant is 100,000 m3/day and will be followed by a second stage of 

135,000 m3/day. It is estimated that a flow of 100,000 m3/day will be reached during 

2008-2010. By 2030 it is estimated that a flow of 135,000 m3/day will be reached 

(Hazut et al., 1995). The treated sewage will be released through a single pipeline by 

gravitation outside the Judea Mountains, to be used for irrigation in the coastal plain. 
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Eastern Drainage System 

 The eastern drainage system follows Nahal Og, Nahal Qidron and Nahal 

Darga, which collect sewage from the eastern parts of Jerusalem and several 

peripheral villages (Figure 71). In some sections it flows over the Menuha and 

Ghareb formations of mainly chalk and some marl which act as aquicludes 

preventing percolation into the aquifers below. 

 In Nahal Og the sewage flows along the valley floor into a filtration plant 

that removes large materials. It continues through a pipeline to a reservoir in the 

vicinity of the Dead Sea which is intended for irrigation purposes in the area. 

 Nahal Qidron drains the sewage of the central and southeastern parts of 

Jerusalem, Bethlehem and Beit Sahur (Figure 71). The untreated sewage flows 

eastwards along the valley floor over rocks of the Upper Judea Group Subaquifer and 

rocks of the Senonian and Ghareb formations. During the rainy season the flow 

reaches the Dead Sea. The effluents are today diverted to the Og storage facility near 

the Dead Sea and used to irrigate date plantations in the area.  

 Nahal Darga, south of Nahal Qidron, drains the sewage from the villages and 

towns south of Jerusalem. The sewage flow does not reach the Dead Sea. The area to 

the east of these town and villages is a nature reserve and therefore it is planned to 

divert future flows into the Nahal Qidron and the Nahal Og storage facilities.  

Solid Waste 

 As a rule solid waste is laid out on the surface. The solid waste from west 

Jerusalem is accummulated near the village of Abu Dis, east of Jerusalem, where it is 

spread out and covered with soil. The solid waste from the Arab villages around 

Jerusalem is generally laid out on bare terrain or in valleys with no infrastructure 

(Jad et al., 1996). In these areas it may be partly treated, burned or covered with soil 

or in some areas left untreated. 
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Appendix I. Landmark events in the history of Jerusalem

 DATE    EVENT     INITIATOR 

Before Common
Era (BCE)
4000    Oldest records on Jerusalem    Egyptian Hieroglyphs. 
   Canaanite rule.
 1150    Jerusalem conquered.    Judah, Judges 1,8. 
 1004    Jerusalem declared Capital of First   King David. 
    Israelite Kingdom. 
 954    First Temple constructed on Mount Moriah.  King Solomon. 
 586    Israel divided into Israel and Judea. 
    Jerusalem captured by the Babylonians  King Nebuchadnezar. 
    and First Temple destroyed. 
 536    Second Temple constructed.   Ezra and Nehemia.
 537    Persian conquest.  
 332    Greek conquest.
 165    Jerusalem liberated from Hellenistic rule.  Judah the Maccabee. 
 141    Maccabean rule.
 63    Roman conquest.
 20    Second Temple enlarged.    King Herod. 
Common Era (CE)
70    Jerusalem captured and Second Temple  Emperor Titus. 
    destroyed by Romans. 
135    Bar Kochba revolt crushed.   Emperor Hadrian. 
136    Jerusalem renamed Aelia Capitolina and 
    Judea renamed Palestine. 
323    Byzantine conquest.
326    Jesus’ crucifixion and burial site identified  Empress Helena. 
    and true cross relics found. 
335    Church of the Holy Sepulcher constructed.  Helena’s son 
         Constantine the Great.
614    Persian conquest, Holy Sepulcher Church 
    destroyed. 
628    Byzantine re-conquest.
629    Holy Sepulcher Church reconstructed and  Emperor Heraclius of 

  relics restored.     Byzantinium.
638    Arab conquest, Jerusalem surrenders 6  Muslim Caliph Omar. 
    years after Mohammed’s death. 
691    Dome of the Rock constructed.   Caliph Abd el-Malik. 
709    Al-Aqsa Mosque constructed. 

A tale of construction, destruction and reconstruction
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1009   Holy Sepulcher Church destroyed   Muslim Caliph Hakim 

    sparking First Crusade.     “The Mad”. 

1072   Turkish conquest.

1092   Arab conquest. 

1099   Crusaders first conquest and Latin kingdom 

   of Jerusalem established. 

1187   Arab conquest. 

1229   Crusader re-conquest.     Frederick II. 

1244   Arab conquest from Egypt.    Khawarezmyians. 

1219   Franciscan Order established.    St. Francis of Assisi. 

   Jerusalem walls destroyed.    Mamluke Sultan. Malik 

         al-Muathan of Cairo, 

1516   Turkish conquest by Ottomans and   Sultan Selim I the  

 Jerusalem captured by Ottomans.   Grim. 

1537   Walls rebuilt with 7 Gates.    Ottoman Sultan Suleiman

         the Magnificent. 

1541   The Golden Gate sealed for fear 

   of war with Holy Roman Emperor.   Charles V.  

1701   Rabbi Judah the Pious arrives with   Rabbi Judah Pious. 

   1500 disciples. Construction of Hurva 

   Synagogue. 

1721   Hurva Synagogue destroyed. 

1818   Jews constitute largest ethnic group in    Palestine Exploration  

 Jerusalem. British explorer Richardson.   Fund. 

1831   Egyptian conquest and rule.    Mohammed Ali.

1841   Turkish re-conquest.

1864    Landmark Hurva Synagogue and Memorial  Sir Moses Montifiore. 

   Arch reconstructed. 

1917   British occupation and Jerusalem liberated  British General 

 from Ottoman Rule.     Allenby. 

1922   British mandate. 

1947   British relinquish mandate.

1948   Jerusalem declared capital of the State of 

   Israel. War of Independence. East Jerusalem 

 and Old City captured by Jordan. Hurva 

 Synagogue destroyed. 

1967   6-Day War Old City of Jerusalem captured and 

 Jerusalem united. Laws Protecting Holy Places 

 passed by Knesset, Israel Parliament. 

1989   The Citadel Museum in King David’s 

   Tower. 3000 yrs. Inauguration. 

2000   New Era of rebuilding and construction of modern Jerusalem.
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Appendix II. Conversion Table, English-Metric (SI units) 

Quantity  Customary Unit  SI equivalent 

Acceleration   ft/s2       0.3048m/s2

Area    ft2       0.09290m2

    in2       645.2mm2

    mi2       2.590km2

    acre       0.4047hectare 
Energy    ft.lb       1.356J=1.356x107ergs 
Force    kip       4.448kN 
    lb       4.48N=4.48x103dyne 
Discharge   gpm       5.446m3/d
Hydraulic conductivity              gpd/ft2       0.04070m/d 
Length    in       2.540cm 
    ft       0.3048m 
    mi       1.609km 
Mass    lb       0.4536kg 
    ton       907.2kg 
Pressure or stress  lb/ft2       47.88N/m2

    psi       6895N/m2

    MPa       106N/m2

    Atmos        0.1MPa 
Transmissivity   gdp/ft       0.01240m2/d
Velocity   ft/s       0.3048m/s 
Volume    yd3       0.7646m3

    ft3       0.02832m3
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Appendix III. Measured rock parameters in the Amminadav Formation 



99Appendix III cont. Measured rock parameters in the Weradim Formation
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Appendix III cont. Measured rock parameters in the Kefar Shaul Formation
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Appendix III cont. Measured rock parameters in limestone of the Bina and Weradim

                                    formations. 
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Appendix III cont. Measured rock parameters in the Menuha Formation
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Appendix IV. Glossary 

Aqueduct  An artificial channel to convey water from one location to another. 

Aquifer                Porous rock formation containing available water. 

BCE   Before common Era. 

CE   Common Era. 

Ku   Geological symbol- Upper Cretaceous (see legend, Figure 8). 

kPa                Kilo Pascal. 

Lithology  from Greek word Lithos meaning rock. 

m3   Cubic Meters. 

m3/day   Cubic Meters/Day. 

Mizzi   Rock (in Arabic). 

Mg/l   Milligrams/litre. 

MPa   Mega Pascal. 

Nahal   Wadi, intermittent or ephemeral stream,  

Q   Rock Quality. 

Rendzina  Gray colored soil developed on chalk or clay. 

RMR   Rock Mass Rating. 

Roadheader  Tunnel boring machine. 

RQD   Rock Quality Designation. 

Terra Rosa  Red-brown soil developed on limestone or dolomite. 

Viaduct                A bridge that connects points of equal height. 
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Appendix V. Author 

Dr. Yaacov Arkin was born in Jerusalem in 1935, grew up in Australia and 

since 1959 lives in Jerusalem, Israel. He graduated with a B.Sc. in Geology in 1957 

from the University of Western Australia gained DIC and MSc degrees in 

Engineering Geology at the Imperial College of Science and Technology, London in 

1975 and a Ph.D. in Engineering Geology in 1986 at the University of London, U.K.  

His various activities included work in the Bureau of Mineral Resources, 

Australia; Head of Israeli Geological Technical Assistance team to Ethiopia; 

Deputy Director of the Geological Survey of Ethiopia; Lecturer, University of 

Addis Ababa; Head of the Mapping Division of the Geological Survey of Israel; 

External Lecturer, Ben Gurion University of the Negev, Israel; External Tutor, New 

York State University, Rockland Center for International Studies; Visiting Research 

Professor on sabbatical in 1990 at Kent State University, Ohio USA; Elected in 

1991 to the Phi Beta Delta, Honor Society for International Scholars at Kent State 

University; Visiting Research Professor on sabbatical in 1998 at the University of 

Nevada, Las Vegas, USA.  

In 1975 he represented Israel on the International Committee for the 

Geological Map of the World, Middle East Region; He was awarded a British 

Council Scholarship in 1975, President of the Geological Society of Israel, 1992-

1993, and was awarded the Israel Civil Service Award for Excellency in 1993.  

Dr. Arkin has served on several committees of national civil engineering 

projects such as the Mediterranean-Dead Sea Hydroelectric Scheme. 

Recent activities as a senior researcher at the Geological Survey of Israel 

included both practical work and research on geotechnical problems, practical 

projects involving the engineering geology of bridges, tunnels and stability 

problems, particularly around Jerusalem, and research of open fractures and active 

geological processes, both on the ground and using remote sensing techniques such 

as radar satellite digital and image data. 

At present he is emeritus and is involved in ongoing research projects in 

geologic ground movements in rift valleys and their tectonic significance. 
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Appendix VI. Author

Mr. Amos Ecker was born in 1934 in Israel. He graduated with a M.Sc. 

degree in Geology in 1962 from the Hebrew University in Jerusalem. Since 1960 he 

has been on the staff of the Geological Survey of Israel in the field of hydrogeology. 

Much of his research has been on the coastal aquifers of Israel, which involved the 

detailed study of the geology and hydrology of the Pleistocene aquifer. His research 

has included the carbonate aquifer in the Jerusalem and the Yarqon–Beer Sheva 

basins, dealing with problems of water supply. 

  Mr. Ecker has been a member of the drilling committees of the Water 

Commission and the Mekorot Water Company for the past 15 years. In the past few 

years Mr. Ecker has set up in the Geological Survey a computerized inventory of the 

water wells in Israel. In 1999 he edited the atlas of selected geological cross-sections 

and subsurface maps in the coastal aquifer of Israel. 

 Mr. Ecker worked abroad in several countries in the field of hydrogeology. 

In Ecuador he was the geologist-team leader for drilling operations. In the Argentine 

and Chile, he was the hydrogeologist of an agricultural planning team. In the Canary 

Islands Mr. Ecker joined UNESCO for more than two years in the study of the 

groundwater behavior in the volcanic aquifer of the island of Tenerife. In Honduras 

he was the project manager of a hydrogeological project and in Burma, Mr. Ecker 

was a member of a UNICEF drilling project for clean water supply. He also was a 

consultant for the UNDP in the Cape Verde Islands, in Che Ju Island (S. Korea) and 

in Peru. 

 He is fluent in Hebrew, English and Spanish. Today he is emeritus at the 

Geological Survey of Israel. 
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